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Carrier Network Structures and
the Spatial Distribution of Air Traffic




This paper characterises and compares the spatial distribution
of air traffic in the US and Europe across the network of airports
for both continents for the period 1996 to 2006, using annual
airline schedules from the Official Airline Guide databases. Several
measures of traffic concentration are presented. By decomposing
the overall spatial distribution of traffic, aspects of individual
airline behaviour may be measured and contrasted, along with
measures of multi-market contact among groups of carriers.
European and US airlines are characterised in terms of their
network strategies and the extent of network  competition that they
face. [JEL Classification: R12; C43; L93; R40]
1. - Introduction
There is a very substantial literature examining network
changes and their implications for competition in the US air
transport market following deregulation in the late 1970s. The
analysis of hub-and-spoke network systems has received consider-
able attention within the theoretical and empirical literature there.
In Europe, several studies have analysed European network
structures using similar approaches and assumptions relating to
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for financial support for this research. the structure and motivations of European carriers (see for
example Brueckner and Pels, 2004; Berechman and deWit, 1996
and Burghouwt et al., 2003). European flag carrier networks are
presented as broadly similar to US carrier networks in terms of
the concentration in space and time of traffic flows in hub-and-
spoke networks. However a detailed comparative analysis of the
structure and traffic flow organisation in European and US airline
networks has not been undertaken to date to validate the implicit
assumptions that there are broad similarities between the two
continental air transport systems and their carriers.
The internal European air transport market was liberalised in
a phased manner over the period 1987-97, beginning the process
almost ten years after the US domestic inter-state industry was
deregulated. The political landscape in Europe is quite different to
that of the US: the air transport industry that developed in Europe
reflected the national strategic interests of the member states.
State-owned national “flag carriers” were the norm, with an air
transport network focused on one or two national/regional capital
cities. The process of air transport liberalisation paralleled the
political process of forming the single European internal market.
This process was completed for the 15 member states in January
1993. The air transport liberalisation process was completed in
April 1997. The European “internal aviation market” continues to
change in size and scope with the accession of 10 new members
states in May 2004 and a further two in 2007. The “European
Common Aviation Area (ECAA)”
1, allows non-EU member states to
fully participate in the single internal market and be subject to the
same carrier licensing, ownership and traffic access rights as the
EU25
2. The ECAA agreement was signed in mid-2006 by the 25
member states of the EU. By 2010, it is expected that 13 non-EU25
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1 European Common Aviation Area (ECAA) consists of the following 36
countries: EU25 + Bulgaria, Romania, Norway, Iceland, Croatia, Macedonia,
Albania, Bosnia and Herzegovina, Serbia, Montenegro and the United Nations
Mission in Kosovo (UNMIK).
2 The European Union comprises the following 25 countries: Austria, Belgium,
Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece,
Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands,
Poland, Portugal, Slovak Republic, Slovenia, Spain, Sweden, United Kingdom.
Romania and Albania became full members in January 2007.member states will have signed up to this agreement, liberalising
air transport services within a substantially enlarged European
area. In the last five years, many of the “European flag carriers”
have been in processes of transitioning from state-ownership to
private ownership. In most cases this is a phased process with
governments gradually reducing their shareholding.
In the US, the airlines were always in private ownership. The
largest carriers developed national networks beginning from
regional bases, and extending to cover most of the main air
transport nodes by strategies of either internal growth or mergers
and/or takeovers. Deregulation allowed new entrants to the
industry and facilitated the efforts of the incumbent carriers to
rationalise and streamline their networks.
This paper compares the European and US air transport
markets in terms of the scale, coverage and network structures of
the air carriers operating within both markets. In the next section,
measures of network coverage, structure, concentration and
competition are set out. The decomposition of the Gini index is
shown to provide several insightful measures of individual carrier
activity and behaviour that can be linked directly to overall
continental trends in the spatial and industry share distributions.
Section 3 of the paper sets out a descriptive overview of the two
air transport sectors and presents a comparison of the air
transport systems for the US and Europe, using seating capacity
data from the Official Airline Guide (OAG) databases for 1996-
2006. The nature of the overall spatial and industrial concentration
trends in both continental air transport systems are contrasted
and the structures of individual carrier networks are highlighted.
Using 2006 data, the top 10 carriers in both continental air
transport systems are compared in terms of their network
structures and the extent of competition among the carriers. This
analysis is presented in Section 4. The paper concludes with a
brief summary and some proposals for further research.
The analysis demonstrates very strong differences between
European and US carriers in terms of network structures and
organisation, and quite different paths for the two industries
transitioning to liberalised or deregulated economic policy regimes.
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and Competition 
The academic literature has been concerned with measuring
and modelling the effects of carrier network structures on several
aspects of firm behaviour and decision-making. The airline’s
network represents its production plan and also its range of
products. The network structure gives rise to cost interdepend-
encies among the routes in the carrier’s system. The larger
‘hubbing’ carriers have gained efficiencies associated with
economies of scope and density under a variety of circumstances
(see for example Brueckner and Spiller, 1994). Borenstein (1989)
has shown that the carrier’s dominance at its hub airports gives
rise to fare mark-ups and increased yields compared to carriers
with smaller traffic volumes at these airports. This may be
considered as a barrier to entry by new carriers. Network
structure influences demand patterns: passengers evaluate the
generalised travel costs arising from indirect versus direct
routing options. In the recent period, the new entrant low-
cost/low-fare carriers have had a growing impact on fares and
market shares at the larger airports and have generally tended
to offer point-to-point direct service in contrast to the legacy
“hubbing” carriers (US Department of Transportation, 1996;
General Accounting Office, 1999). In Europe, the low-cost
carriers (LCCs) have rapidly grown in size, geographic coverage
and market share in the decade since liberalisation was
completed. Like the US LCCs, the European LCCs have also
tended to offer point-to-point rather than indirect, connecting air
services routed through carrier hub airports.
Several summary measures of network structure and
organisation have been presented in the literature. The Herfindahl,
Theil entropy measure, Coefficient of Variation and Gini Index
have been used in a large number of studies to summarise and
contrast varying levels of concentration in air transport networks
(for example, Reynolds-Feighan, 1998, 2003; Lee, 2003; Burg-
houwt, Hakfoort and van Eck, 2003). Geographical measures of
network structure have also been presented, capturing elements
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Reynolds-Feighan (1999, 2003, 2007) compares and contrasts all
of these measures for US airlines and suggests that the Gini index
captures a particularly useful set of characteristics of carrier
networks.
In this paper, the Gini Index, the Herfindahl and Coefficient
of Variation (COV) are used to measure various traffic
distributions. These measures capture different aspects of a given
distribution and for a continuous variable; it may be shown that
the three are directly related.
The Gini index may be computed for a continuous variable as
(1)
where  n is the number of individual airports sampled, x – is the
mean of x, cov(x,rx) is the covariance between the air traffic
distribution, x, and the ranks of airports according to their traffic
shares (rx) from the smallest (rx=1) to the biggest (rx=n). Various
measures of air traffic may be used. In computing the extent of
spatial concentration, the variable x might measure total seats
available or total number of aircraft movements at each airport
in the continental air traffic system. In using the Gini Index to
measure  industry concentration, the measure of traffic might be
the total number of seats offered by each carrier, total number of
revenue seats filled by carrier or total number of movements by
carrier. In decomposing the overall Gini into subgroups, two
decomposition schemes have been proposed in the literature (the
first in Lerman and Yitzhaki, 1984, 1985 and the second in
Yitzhaki and Lerman, 1991 and Yitzhaki, 1994). Lerman and
Yitzhaki (1985) show that the overall Gini coefficient based upon
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247F(x) represents the cumulative distribution of x. The first
decomposition is thus
(3)
where  Ri is the rank correlation ratio,  Gi is the relative Gini of
component  i,  Si is component i’s  share of total traffic (Lerman
and Yitzhaki, 1984) and F(xi) is the cumulative distribution of xi.
This decomposition requires that each subgroup has a distribution
over the same range as x. Thus the number of observations will
be the same for each subgroup as it is for x. In applying this
decomposition to air traffic distributions, we can decompose the
overall air traffic across the system of airports (spatial concentrat-
ion) by individual carriers or by groupings of carriers. Industry
concentration may be decomposed by individual airport or by
groups of airports.
The second decomposition scheme put forward by Yitzhaki
and Lerman (1991) and refined in Yitzhaki (1994) allows
subgroups to cover a subset of the range of x. This decomposition
is given as
(4)
where Gi* is the relative Gini coefficient  for carrier i over airports
in its network, Si is the traffic share for carrier i as before, Oi is
an “overlapping index” and Gb is “between group” concentration.
The overlapping index, Oi, is discussed at length in Milanovic and
Yitzhaki (2002) and defined as:
(5)
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ranked by the overall air traffic distribution for airports served by
carrier i, to the covariance of carrier i’s traffic distribution ranked
by its own air traffic distribution across airports in its network.
The  Oi component for carrier i is the sum of overlaps with all
other carriers. This component may be interpreted as a measure
of multi-market contact for individual carriers with all other
carriers (see Evans and Kessides, 1994 and Fournier and Zuelke,
2004). Yitzhaki and Lerman (1991) argue that the Oi component
could be further decomposed to yield measures of overlap between
pairs of subgroups, yielding measures of multi-market contact
between pairs of individual carriers when applied to air traffic
distributions.
For the market overlap measure and following from Yitzaki
and Lerman (1991), the Oi component is further decomposed by
individual carriers in the following way:
(6)
and yields a measure of market overlap between carrier i and
carrier j. We note that Oij≠Oji. 
The “between group” concentration is twice the covariance
between the average traffic for each carrier (over all of the airports
served) and its mean rank in the overall traffic distribution,
divided by the overall average air traffic, i.e.
(7)
The Herfindahl Index gives the summed, squared traffic
shares at each airport in a carrier’s network. It gives a
progressively higher weight to the busier airports in the network.
Generally speaking values of less than 0.10 are not considered
concentrated; values between 0.1 and 0.18 are considered
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249moderately concentrated, while values greater than 0.18 are
considered heavily concentrated.
3 The Herfindahl Index (H) is
computed for a traffic distribution x in the following way:
(8)
where Si is the share of total traffic at airport i (or airline i’s share
of total traffic in the case of industry concentration). The
Herfindahl Index is related to the Gini Index (G) as
(9)
where ρ(x,rx) is the correlation between x and its rank (rx).
The Coefficient of Variation (COV) is a dimensionless measure
of the ratio of the standard deviation of a distribution to its mean.
It allows for comparison of widely differing distributions.
Distributions with COV < 1 are considered low-variance, while
those with COV > 1 are considered high-variance. The Coefficient
of Variation (V) is computed as
(10)
where σx is the standard deviation of the variable x and x – is the
sample mean of x. The Coefficient of Variation (V) is related to
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3 The Herfindahl may be normalised to take on values from 0 to 1 by adjusting









The focus in this paper will be on comparing the individual
carrier components from the Gini decompositions for European
and US carriers. The availability of a consistent, comprehensive
and up-to-date database for both continental markets makes such
a comparison possible for the first time.
3. - Descriptive Overview of the US and European Air
Transport Systems
The Official Airline Guide “OAG Max Historical Plus
databases” contain daily airline schedules for every airline in every
country. The database facilitates the generation of annual traffic
distributions by carrier and airport for any given year. In this
study, the annual traffic flows were generated for the US market
(traffic by US and non-US carriers originating from all airports
within the US, whether or not the destinations were US based)
and the European liberalised market (consisting of the 25 member
states of the European Union in 2006). Scheduled and non-
scheduled seats available on non-stop market segments serviced
by all categories of jet aircraft (including regional jets) are
included. Airports and carriers with at least 1,000 seats are
counted and a traffic matrix for each continental region is
constructed for 2006.
Table 1 gives a broad overview of the two regional systems,
detailing the number of airports and carriers operating in each
regional air transport system for the period 1996-2006. The
adjusted Spatial Gini Index and adjusted Industry Gini Index
scores are illustrated for the EU25 and US markets in Graph 1.
These statistics give a summary measure of the extent of
concentration in the distribution of available seating capacity
across the set of airports (Spatial Gini) and the airline industry
(Industry Gini). The adjusted Gini Index takes account of the
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251changes in the number of airports receiving service between
different years (in the case of the Spatial Gini) and changes in the
number of airlines for the industry concentration measure. The
following adjustment is applied (see Reynolds-Feighan, 2007 for
the derivation of this adjustment factor):
(12)
where N is the maximum number of airports receiving service in
the analysis period and ni is the number of airports receiving
service in year i. G(xi*) is the raw Gini score in year i.
The two continental systems have a similar number of airports
receiving jet services, though the number is increasing more
rapidly in Europe compared with the US. Europe is served by a
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TABLE 1
BASIC DESCRIPTIVE STATISTICS COMPARING EUROPEAN 
AND US AIRPORTS SYSTEMS
Europe EU25
1996 2000 2006
Number of EU25 airports
receiving jet services 253 278 308
Total number of carriers
serving EU25 207 247 284
Number of “domestic”
carriers (EU25) 124 107 115
Number of EU25 airports
served by Top 10 EU25 144 198 245
carriers
(Percentage) 56.9 71.2 79.5
Available departing seats 408,772,139 522,758,226 674,356,288
Percentage available seats
by carriers based in region 84.3 86.2 85.6
(continued on next page)much larger number of airlines — both EU25 carriers and non-
EU25 carriers than the US. Some 37% of all airlines operating in
the European market are locally licensed while just 12% of US
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(continued) TABLE 1
BASIC DESCRIPTIVE STATISTICS COMPARING EUROPEAN 




receiving jet services 229 240 278
Total number of carriers
serving US 117 137 123
Number of “domestic”
carriers (US) 28 33 32
Number of US airports
served by Top 10 US 214 224 265
carriers
(Percentage) 93.4 93.3 95.3
Available departing seats 903,987,982 984,597,844 952,463,923
Percentage available seats
by carriers based in region 95.5 95.0 95.5
GRAPH 1
SPATIAL & INDUSTRY CONCENTRATION IN EU25 AND US AIR 
TRANSPORT MARKETS 1996-2006






















EU25 spatial Gini EU25 industry Gini US industry Gini US spatial Giniairlines are domestic. However the traffic share operated by the
“local” carriers in each case is very large, 80% in Europe and 95%
in the US. In 2006, there were 41% more seats available in the
US compared with the EU25 countries.
The spatial concentration scores are very similar in Europe
and in the US, reflecting the dominance of the largest airports in
the respective airport hierarchies. In Europe, spatial concentration
has reduced since 1996 and at an accelerated pace since 2001.
This reflects the fact that more airports are being serviced in the
liberalised internal market, and traffic is more dispersed across
the larger system of airports. This is in marked contrast to the US
experience following deregulation in 1977 and 1978. In the five
years immediately following deregulation, the US airports system
(receiving jet air services) contracted significantly, with a
concomitant increase in spatial concentration. Spatial concentrat-
ion as measured by the adjusted Spatial Gini Index has remained
reasonably stable since the mid-1980s (Reynolds-Feighan, 2007).
In the post 2002 period, there have been increases in the number
of airports being served by regional jets and this is reflected in
the OAG database statistics.
The industry concentration is higher in the US, reflecting the
relatively smaller number of carriers serving the market and the
dominance by the small number of US carriers of the market.
Table 1 shows that 95% of all available seats are offered by US
carriers over the last decade. In Europe, 85% of seats are offered
by EU25 licensed carriers. In both cases however the high industry
concentration scores reflect the dominance of a small number of
carriers in the distribution of traffic shares.
Table 2 presents a more detailed breakdown of the EU25
member states between 1996 and 2006. The number of airports
in each member state receiving jet services has increased in all
but 2 of the EU15 countries and in five of the 10 accession
countries associated with the 2004 EU enlargement (hereafter
referred to as the EU+10). Traffic was at relatively low levels in
these states in 1996 and has grown significantly in the decade
since. The last column in Table 2 gives the percentage change in
traffic between 1996 and 2006. The Gini Index was calculated for
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state in 1996 and in 2006 and these scores are recorded in Table
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TABLE 2
TRAFFIC DISTRIBUTION PATTERNS FOR EU25 MEMBER STATES,
1996 & 2006
EU Member Number of Gini Index Percentage 
State Airports Change
Receiving Jet in Available
Services Departing
Seats
1996 2006 1996 1996 2006 1996-2006
(Raw) (Adjusted)
Austria 6 6 0.752 0.752 0.729 58.6
Belgium 2 2 0.498 0.498 0.382 11.1
Denmark 7 8 0.757 0.788 0.838 6.4
Finland 15 16 0.799 0.812 0.811 46.2
France 36 43 0.814 0.845 0.838 28.8
Germany 23 28 0.759 0.802 0.724 54.7
Greece 14 23 0.814 0.887 0.819 68.4
Ireland 5 5 0.670 0.670 0.626 140.9
Italy 30 39 0.740 0.800 0.713 63.6
Luxembourg 0 1
Netherlands 3 5 0.664 0.798 0.771 62.9
Portugal 9 10 0.708 0.737 0.719 68.0
Spain 34 37 0.728 0.750 0.727 110.8
Sweden 23 23 0.762 0.762 0.806 -0.4
United Kingdom 31 39 0.831 0.865 0.761 94.1
Cyprus 3 3 0.512 0.512 0.368 52.4
Czech Republic 1 4 0.750 0.733 217.2
Estonia 1 1 129.4
Hungary 1 2 0.500 0.494 114.9
Latvia 1 1 239.0
Lithuania 3 3 0.517 0.517 0.492 59.4
Malta 1 1 15.2
Poland 4 10 0.666 0.866 0.673 251.6
Slovakia 2 3 0.368 0.578 0.589 1,357.3
Slovenia 1 2 0.000 0.500 0.493 106.0
Source: Author’s calculations from the OAG Historical Max Plus Databases, 1996
& 2006.2 also. The raw score in 1996 gives the concentration measure for
the set of airports served then. The “adjusted Gini Index” takes
account of the change in the number of airports between 1996
and 2006. In almost all of the member states, the traffic
distribution has become less concentrated in the ten years since
liberalisation was completed. The only exceptions are Denmark,
Sweden and Slovakia. This contrasts with the US experience where
deregulation resulted in a significant and sustained contraction in
the size of the system of airports receiving jet air services after
1978.
Table 3 reports descriptive statistics for the ten largest US and
EU25 carriers in 2006. The table shows the significantly greater
size of largest US carriers compared with the European carriers
in terms of available departure seating capacity offered and the
number of airports served. The US carrier data includes services
from wholly owned subsidiary airlines. There is a much smaller
number of domestic US airlines (jet services only), but they are
carrying significantly more traffic. Southwest Airlines’  departure
seating capacity from US airports in 2006 was two and a half
times that of Lufthansa’s; indeed each of the top 7 US carriers
would be significantly bigger than the top ranked European
carrier, Lufthansa. 
The US carrier domestic and international networks are large
and extensive, though the traffic share carried “internationally” is
significantly smaller than for the typical EU25 carrier. Proport-
ionately, the European carriers’ international networks are much
larger and services on North Atlantic markets as well as other
inter-continental markets tend to be related to historical and
cultural linkages for the individual member states.
There are three low-cost carriers (LCCs) among the top 10
carriers in both systems, all of whom operate almost exclusively
domestic networks.
4 The two main airports or hubs or focal cities
for each carrier are listed in Table 3 along with the percentage of
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4 Domestic in this study refers to the EU25 member states in Europe and the
48 States for the USA. The LCC carriers in Europe are Ryanair (FR), Easyjet (U2)
and Air Berlin (AB), while the three US LCC carriers are Southwest (WN), Airtran










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































.total “domestic” departure seating capacity operated. The
European “Full Service Carriers” (FSCs) have a significantly
higher share of total traffic departing from their top ranked airport
or main hub than their US counterparts. The average traffic share
for the European airlines from their top hub is 33%, while the
average is 25% for US carriers. The high share for KLM reflects
the fact that a very large share of its departures terminate outside
the EU25. The LCCs in Europe have a lower proportion of flights
originating from their top hub/focal city. In the US, Airtran
Airways (FL) and America West Airlines (HP) have higher
proportions than the US FSCs. In the next section, network
structure and organisation will be explored in more detail using
Gini decomposition and other measures of concentration.
The distance between the European carriers’ first and second
ranked airport is relatively small. The average distance among the
top 9 is 310 km (193 miles). Air Berlin is very much the exception
with 1,657 km between its top 2 airports. In the US by contrast,
there is a more substantial distance between the two largest hub
airports in carriers networks, with the average distance being 910
km (565 miles). The US  FSCs operate interactive hub-and-spoke
systems, where the regional hubs gather and distribute traffic
within the network. There is a substantial traffic flow between the
hubs for these carriers. In Europe, the FSC hubs for Lufthansa,
Air France and BA particularly, tend to specialise in serving either
domestic or international traffic (extra-EU25) and there is
relatively little interaction by air between the hubs themselves.
This is a fundamental difference in the structure and flow
organisation among the two groups of carriers.
Table 4 gives a comparison of the traffic flow concentration
statistics for each of the top 10 carriers in both systems. The Gini
and Herfindahl Indexes as well as the Coefficient of Variation are
calculated for each carrier and the ranking of carriers are given
based on these measures in each case. These measures capture
different aspects of the traffic distribution. 
The Herfindahl Index scores in Table 4 reflect the traffic
shares at the busiest airports reported in Table 3. Where the Gini
Index and COV are sensitive to changes in the number of airports
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TABLE 4
COMPARISON OF GINI, HERFINDAHL & COV STATISTICS FOR TOP
10 US & EU25 CARRIERS IN 2006
Carrier Scores Rank 
Carrier Coefficient Herfindahl Carrier Coefficient Herfindahl
Gini of Variation Index Gini of Variation Index
Lufthansa 0.795 3.390 0.162 3 4 5
German Airlines
Air France 0.776 3.586 0.167 4 3 4
Ryanair 0.698 2.517 0.063 8 8 8
British Airways 0.805 4.325 0.224 1 2 2
Iberia 0.771 3.222 0.160 5 5 6
Easyjet 0.638 1.416 0.044 10 10 10
Alitalia 0.744 2.662 0.153 6 7 7
KLM-Royal 0.717 4.373 0.395 7 1 1
Dutch Airlines
SAS Scandinavian 0.796 3.189 0.169 2 6 3
Airlines
Air Berlin 0.683 1.873 0.063 9 9 9
Carrier Scores Rank 
Carrier Coefficient Herfindahl Carrier Coefficient Herfindahl
Gini of Variation Index Gini of Variation Index
Southwest 0.495 1.025 0.032 10 10 10
Airlines
American Airlines 0.785 3.386 0.087 1 4 8
Delta Air Lines 0.785 4.603 0.109 2 1 5
United Airlines 0.770 3.384 0.085 4 5 9
Northwest 0.761 4.037 0.105 5 3 6
Airlines
US Airways 0.749 2.987 0.095 6 7 7
Continental 0.774 4.247 0.140 3 2 2
Airlines
America West  0.725 3.384 0.164 7 6 1
Airlines
Airtran Airways 0.605 2.342 0.130 9 8 3
Alaska Airlines 0.692 2.132 0.123 8 9 4
Source: Author’s calculations from the OAG Historical Max Plus Databases, 2006.in the distribution, the Herfindahl is far less sensitive, particularly
if traffic levels are very low. The value for KLM is very high, with
moderately high values for BA, America West, and SAS reflecting
the very high traffic shares at the top airport in each of these
airlines’ networks. In essence this measure indicates the extent of
the dominance of  the top one, two or three hubs in an air carriers’
network and the ranking of carriers using this measure corres-
ponds directly with the ranking from summing the traffic at the
top three busiest airports.
All of the COV scores in Table 4 display high variance, with
the possible exception of Southwest Airlines. The COV scores will
be more sensitive to the total number of airports in the network,
unlike the Herfindahl values. The high COV value for Delta
Airlines with a low Herfindahl score reflects the large number of
observations in the Delta network and the large variation in traffic
levels across all of the airports.
The Gini Index measures the extent to which the actual traffic
distribution differs from an equal distribution across all airports
in a carrier’s network. All airports are included in the assessment
and each airport is equally weighted. The value of the Gini Index
ranges from 0 to 1, with a higher score indicating a more unequal
distribution. The scores in Table 4 are generally higher for the
EU25 carriers compared to the US carriers. This reflects the
dominance of the main airport in most EU25 networks, including
those of the LCCs. The Gini score is also affected by the size of
the network, so that a high traffic share at the top airport in a
large network will have a higher Gini Index score than a high
traffic share in a small network. In the next section, the Gini Index
for the overall spatial traffic distribution in the continental system
is decomposed using the schemes detailed in (3) and (4) earlier,
in order to identify the extent to which individual carriers
contribute to overall concentration and the extent of multimarket
contact or network competition among pairs of carriers. For the
European carriers, Graph 2 illustrates the individual carrier Gini
Index scores for the period 1996-2006. Equivalent scores for US
carriers have been extensively reported and discussed elsewhere
(see Reynolds-Feighan, 2001; 2007). In Graph 2, the Gini Index
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GRAPH 2
INDIVIDUAL CARRIER GINI INDEX SCORES FOR TOP EU25
CARRIERS, 1996-2006
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scores for the LCCs have been increasing steadily over the period
1996-2006, as they have greatly expanded their networks and
concentrated development on a small number of key nodes or
carrier hubs. These nodes are the focus point for development of
new air transport services and have tended to be secondary
European airports close to large urban areas or conurbations. In
the US, the LCC carriers networks became less concentrated as
the network size expanded. 
For three of the European FSCs, namely Air France, BA and
Iberia, the networks have become more concentrated and this is
partly due to the increase in the number of airports both within
the EU25 and beyond in these carriers’ networks. For KLM, Alitalia
and Lufthansa by contrast, the degree of concentration in the
traffic distribution within their networks has declined since 1996. 
The three measures of concentration provide different insights
into the traffic distribution pattern across an airline’s network. The
Herfindahl captures the extent to which the top two or three
airports dominate the distribution; the COV reflect the range of
traffic levels across the network of airports relative to the mean.
The Gini index captures the deviation of actual traffic levels across
all of the airports from an equal distribution, weighting each airport
equally. Thus the Gini index provides information about the traffic
flows at middle and lower ranking airports in a carrier’s network. 
4. - Decomposition of Continental Spatial Gini Index Scores
and an Assessment of Network Overlap and Competition
The spatial Gini Index scores reported in Table 1 for the EU25
and US airport systems were decomposed by carrier using the
schemes explained in (3) and  (4) earlier. The decomposition
components give information for each carrier on the following
aspects of their traffic distributions:
• Gi: Gini Index for carrier i measuring the traffic distribution
across all airports in the continental system
• Gi*: Gini Index for carrier i measuring traffic distribution
across airports served by carrier iCarrier Network Structures, etc. A.J. REYNOLDS-FEIGHAN
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• Si: Carrier i’s  share in total system traffic
•  Oi: Overlap between carrier i’s  traffic distribution and all
other carriers traffic distribution
•  Ri: (so-called Gini correlation) ratio of the covariance
between carrier i’s  traffic distribution and ranking of airports
within its network with  carrier i’s  traffic distribution ranked by
the overall traffic distribution 
• Oij: pairwise carrier overlap comparisons
Tables 5 and 6 report the decomposition components for the
top 10 carriers in the EU25 and US air transport systems. Table
5 deals with the US carriers. The high traffic shares for US
carriers, particularly the top four contribute significantly to the
overall pattern of traffic concentration in the US system (the raw
contribution is measured as the product SiRiGi*(ni/N)). The
traffic distribution of the top four carriers dictate in a significant
way the overall ranking of airports in the US system. The
individual carriers’ Gini scores were discussed earlier (Gi*). The
measure Gi is very high for all of the carriers (>0.8), with the
exception of Alaskan Airlines and AirTran. This means that for
most carriers, their traffic distributions are concentrated at the
higher ranked airports in the continental airport system, and that
generally busier airports have higher service levels from the
carriers. The Alaskan score suggests that its network is less
focused on the top of the US airports hierarchy. The market
overlap measure (Oi) for the US carriers varies from 1.04 for
Southwest Airlines to 1.67 for America West Airlines, indicating
a moderate degree of overlap with the traffic of all other carriers
in each case. The low overlap for Southwest reflects the fact that
this carrier provides high levels of service to airports with low
service levels from other carriers. 
Table 6 gives the decomposition results for the EU25 carriers.
It can be noted that the carrier shares are substantially lower for
the top EU25 carriers and therefore they have smaller
contributions to the overall spatial concentration of air traffic.
There is a much higher degree of overlap among the EU25
carriers; this is reasonable given that much of the international
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airports. There is a relatively lower degree of concurrence between
carrier traffic distributions in Europe and the overall traffic
distribution (as measured by Ri). This reflects the historic
development of European air transport with a large set of bilateral
agreements dictating the structure and capacity on intra-European
routes until the mid-1990s. The carriers in Europe have tended to
operate single hub systems, with air services to a relatively small
number of European cities. Generally, air transport tended to be
focused on the national capital and maybe one or two other large
regional centres. The low Ri score for Ryanair (FR) arises as many
of the airports in its network are secondary airports that are not
highly ranked in the overall traffic distribution. Because of the
very large size and coverage of US carriers, their networks tended
to be closely correlated with the overall traffic distribution and
this is reflected in generally very high Ri values in Table 5. The
high  Oi score however suggests that for the subset of airports
served by Ryanair, the ordering of airports using traffic of all
carriers is close to that of Ryanair. As the market share of a carrier
increases, it would be expected that its traffic distribution would
become more closely correlated with the overall distribution.
In Tables 7 and 8, the market overlap measure is decompos-
ed by individual carriers in order to determine the extent of
overlap among networks for pairs of carriers ranked in the top 10
(Oij). Table 7 looks at the US carriers. In the pair wise comparisons
of market overlap, the US carriers scores are generally higher,
indicating a greater degree of multimarket contact between the
carriers. The EU carrier scores average 0.67 while the US average
score is 0.78. Among the US carriers, Alaskan and Southwest have
the lowest scores indicating less competition generally across their
networks from other large carriers. For American, America West,
and United Airlines, there are high overlap scores with most of
the other carriers indicating stronger competition particularly at
the busier airports in their networks. 
The European carrier measures of Oij are given in Table 8.
Ryanair’s scores are the lowest showing relatively low levels of
overlap throughout its network with other top 10 carriers. The
highest overlap scores for Ryanair are with the other two LCCsCarrier Network Structures, etc. A.J. REYNOLDS-FEIGHAN
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Air Berlin(AB) and Easyjet (U2), as well as with BA. KLM’s overlap
scores are the highest of the EU25 carriers, since its relatively
small network of airports is focused on the main European capital
and large cities. Unlike BA, Lufthansa and Air France, the Dutch
carrier has a relatively limited domestic market where it
dominates a substantial regional traffic base.
TABLE 7
FURTHER DECOMPOSITION OF Oi MARKET OVERLAP MEASURE
FOR US CARRIER PAIRS IN 2006
(Ranking for Carrier J’s  traffic distribution)
FL AS HP CO US NW UA AA WN DL 
FL 1.00 0.68 0.73 0.81 0.81 0.79 0.73 0.79 0.58 0.88
AS 0.56 1.00 0.90 0.72 0.43 0.63 0.76 0.61 0.65 0.60
HP 0.73 0.89 1.00 0.88 0.67 0.80 0.92 0.84 0.91 0.80
CO 0.77 0.60 0.82 1.00 0.78 0.82 0.82 0.86 0.66 0.77
US 0.86 0.60 0.57 0.80 1.00 0.80 0.79 0.77 0.63 0.82
NW 0.79 0.55 0.78 0.79 0.67 1.00 0.81 0.79 0.64 0.75
UA 0.76 0.84 0.90 0.89 0.77 0.87 1.00 0.92 0.64 0.85
AA 0.83 0.73 0.85 0.87 0.78 0.83 0.88 1.00 0.64 0.88
WN 0.76 0.72 0.76 0.76 0.55 0.57 0.68 0.72 1.00 0.65
DL 0.87 0.61 0.71 0.81 0.73 0.79 0.77 0.81 0.60 1.00
TABLE 8
FURTHER DECOMPOSITION OF Oi MARKET OVERLAP MEASURE
FOR EU25 CARRIER PAIRS IN 2006
(Ranking for Carrier J’s  traffic distribution)
Carrier i AB KL SK AZ U2 IB FR BA AF LH 
AB 1.00 0.78 0.70 0.58 0.60 0.68 0.14 0.55 0.48 0.73
KL 0.70 1.00 0.93 0.85 0.85 0.81 0.21 0.91 0.86 0.86
SK 0.51 0.83 1.00 0.79 0.63 0.66 0.07 0.73 0.63 0.71
AZ 0.67 0.80 0.72 1.00 0.66 0.81 0.20 0.80 0.75 0.80
U2 0.64 0.64 0.53 0.43 1.00 0.66 0.56 0.62 0.46 0.38
IB 0.79 0.82 0.66 0.73 0.74 1.00 0.32 0.75 0.77 0.70
FR 0.50 0.37 0.27 0.24 0.45 0.29 1.00 0.45 0.28 0.17
BA 0.62 0.88 0.89 0.80 0.69 0.78 0.36 1.00 0.85 0.83
AF 0.55 0.74 0.64 0.59 0.72 0.72 0.14 0.62 1.00 0.80
LH 0.86 0.86 0.89 0.80 0.61 0.77 0.13 0.88 0.83 1.00RIVISTA DI POLITICA ECONOMICA JANUARY-FEBRUARY 2007
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With consolidation likely in the next decade in the European
air transport market and the growth associated with expansion of
the European Union, some network structures are likely to evolve
towards US Full Service Carrier (FSC) multiple interactive hub-
and-spoke systems. The recent speculation over a possible merger
of Lufthansa and Iberia is a case in point
5. This type of merger
would result in much larger carriers with a wider European and
extra-European coverage. Currently however the US and EU25
markets have several distinguishing features that give rise to quite
different network structures and traffic flow organisations. In the
carrier specific tables, it has been shown that US carriers have
lower levels of overlap with the total traffic distribution than do
European carriers, but for individual carrier comparisons, there is
greater overlap among any pair of US carriers compared to
European carriers. Thus for the US carriers, their networks cover
a more extensive set of airports and there is a lower degree of
association with the overall traffic distribution than is the case in
Europe. The large European carriers have networks focused on the
largest airports in the European hierarchy; but there is less overlap
or multimarket contact among pairs of individual European
carriers. This would support the research presented by Gil-Molto
and Piga (2007), which suggests that there has been limited entry
activity and thus limited “effective competition” in some large
European markets since liberalisation. The large European full
service carriers have tended to focus their growth strategies on
external (extra-EU25) route development, where they face less
competition from other EU carriers and no competition to-date
from LCCs. Further research is required to analyse the pricing
implications of the evolving European carrier network strategies.
5. - Conclusions
As Europe completes the process of creating a single internal
air transport market, airline network structure will continue to
5 Reports of talks between Lufthansa and Iberia appeared in La Tribune, a
French newspaper, on February 22
nd 2007.Carrier Network Structures, etc. A.J. REYNOLDS-FEIGHAN
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reflect the policy and historical parameters that have shaped the
evolution of the system to date. This paper has examined the US
and EU25 airports systems and looked in some detail at the network
structures of the largest carriers in both systems. A number of key
differences were highlighted between the two systems and the
carriers operating within each market. The US market and US
carriers are significantly larger in size and scale than European
carriers. The US carrier’s networks organise traffic flows around
multiple hubs or focal cities in most cases and these hubs are located
at significant distances from each other. The hubs act as regional
centres for gathering and distributing air traffic flows through large
continental systems in most cases. The LCC structures give rise to
more dispersed traffic flow distributions, although the networks
overlap to a moderately high degree with those of the FSC carriers.
European carrier networks in most cases continue to be
focused on the capital city airport in the largest member states.
The second busiest airport in EU25 FSC carrier networks tends
to be located within the national territory also, and there are
relatively low levels of interaction between the largest hubs in
these cases. There tends to be less overlap among the networks
of the European carriers, reflecting the regional specialisation
within “home markets”.
Both the US and European air transport systems have strong
and growing LCCs among the top 10 carriers. The European LCCs
have highly concentrated traffic flows but low levels of market
overlap, reflecting the fact that they serve lower ranked airports
or secondary airports at the largest urban centres, where they may
be one of a very small number of operators. The European FSCs
by contrast face competition from large numbers of other EU25
and non-EU25 carriers at the airports in their networks. This gives
rise to high overall levels of market overlap, but relatively low
levels of overlap when measured on a carrier by carrier basis.
Further analysis of differences in network structure and
organisation is needed in order to characterise more precisely the
nature of European carrier networks and more accurately
compare and contrast strategies associated with alliance and
merger impacts. RIVISTA DI POLITICA ECONOMICA JANUARY-FEBRUARY 2007
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